 1  0 
Company Limited HL200i, Brisbane, Australia) and eleven morphological variables were 1 0 5 each measured three times using digital calipers, with an average used as the overall measure 1 0 6 (Whitworth, Brisbane, Australia, ±0.01 mm) (Wynn et al., 2015) . These body dimensions 1 0 7 were included as covariates in our initial analysis, but none appeared to have a significant 1 0 8 effect on our results and thus were not included in further analysis. Mean body mass was 1 0 9 384.3 ± 21.5 g, head width (widest point of jaw) 36.07 ± 0.47 mm, head length (from nuchal 1 1 0 crest to tip of snout) 67.22 ± 0.73 mm, body length (nuchal crest to base of tail) 179.92 ± 3.32 1 1 1 mm, right and left fore-limb length (radius-ulna) 50.91 ± 0.75 mm, right and left hind-limb 1 1 2 length (tibia-fibula) 63.75 ± 0.79 mm, right and left hind-foot length (heel to claw base) 1 1 3
38.49 ± 0.48 mm, tail width (maximum tail diameter) 14.54 ± 0.43 mm and tail length (base 1 1 4 to tip of tail) 228.48 ± 4.49 mm. To minimize long-term stress on the animals, all 1 1 5 performance measures and tests were completed within 6 hours of capture, after which the 1 1 6 animals were released at the exact point of capture. To assess the biomechanics of Northern quolls, we filmed each individual as it moved over 1 1 9 two different raised platform trackways. Trackways were suspended within a Perspex box 1 3 4
These camera positions were used to ensure footfalls were visible in both camera views, yet 1 3 5 allowed enough variation in viewing angle that 3-dimensional position information was still 1 3 6 accurate. Cameras were synchronized using internal triggers. The cameras were calibrated 1 3 7 using a wand based camera calibrate, implemented in the Argus software in Python Ver 2.1, 1 3 8 (Jackson et al., 2016) . The Matlab GUI DLTdv5 (Hedrick, 2008) was then used to track 1 3 9 individual feet and a single spot on the back, lose to the body centre of mass. Chadwell and Young, 2015) . The first forefeet touchdown defined the start of a sequence and 1 4 6 its subsequent touchdown defined the end of the sequence. F-lag, H-lag and P-lag were 1 4 7 calculated as the temporal lag between the mid-stances of the two forefeet, hindfeet and 1 4 8
inclined surfaces. The minimum of the fore-aft force (which represents the peak reaction 3 0 0 force against quolls pushing themselves forward) decreased significantly with speed (F 1,100 = 3 0 1 9.43, P = 0.003), indicating an increase in fore-aft force with increasing locomotor speed. Like impulse, there was no effect of surface (F 1,100 = 0.41, P = 0.521) on minimum fore-aft 3 0 3
force, but there was significant variation among feet (F 5,100 = 52.2, P < 0.001). As for the 3 0 4
impulse above, the hindfeet provided the greatest propulsive force.
3 0 5
The integral of the vertical force trace throughout the stance phase was not affected by 3 0 6 surface (F 1,100 = 1.08, P = 0.302), foot (F 1,100 = 0.67, P = 0.647), nor speed (F 1,100 = 0.00, P = 3 0 7 0.996), suggesting that all feet contribute near equally to body weight support during 3 0 8 movement ( Figure 6b ). The mean vertical impulse for all feet was -0.055 ± 0.0072 N.sec. The 3 0 9
minimum of the vertical force (which represents the peak reaction force against quoll body 3 1 0 weight) was not affected by speed (F 1,100 = 0.11, P = 0.743) or surface (F 1,100 = 0.01, P = 3 1 1 0.935), but was weakly affected by foot (F 5,100 = 2.78, P = 0.022), with a post-hoc test
showing only differences between the fore-left foot alone, with the combined forefeet (z = The maximum vertical force, which indicates whether the surface is pulled toward the body 3 1 5
during the stance phase, decreased significantly with speed (F 1,100 = 4.97, P = 0.028), with 3 1 6 slower strides requiring a greater pulling force. Maximum vertical force was greater on the 3 1 7
inclined pole than the inclined platform (1.07 ± 0.155 N vs 0.36 ± 0.112 N; F 1,100 = 4.15, P = 3 1 8 0.044), likely as a result of quolls being better able to grip underneath the narrow pole. However, maximum vertical force was not significantly different between feet (F 1,100 = 0.55, 3 2 0 P = 0.732).
2 1
The lateral force trace integral was not significantly affected by speed (F 1,100 = 0.24, P = 3 2 2 0.626) or surface (F 1,100 = 0.01, P = 0.937), but like the vertical and fore-aft impulse, there 3 2 3 was a significant effect among feet (F 5,100 = 5.91, P < 0.001) ( Figure 6c ). Post-hoc tests 3 2 4
highlighted that the single forelimbs (fore-left and fore-right) were capable of producing 3 2 5 significantly different lateral forces, yet this trend was only evident on the narrow pole 3 2 6 ( Figure 6c ).
2 7
Corrective Torques 3 2 8
We explored the magnitude of corrective torques applied along the narrow inclined pole ( 7). We do not report these for the inclined platform, as they could unlikely contribute to clockwise torque was significantly related to speed or foot (counter-clockwise, speed: F 1,59 = 3 3 2 0.37, P = 0.543, foot: F 4,59 = 1.14, P = 0.348; clockwise, speed: F 1,59 = 0.02, P = 0.879, foot: We found that quolls used slower speeds when moving on a narrower surface, but used 3 5 4 similar gaits on both wide and narrow inclined structures. This suggests that a quolls' gait 3 5 5
choice is independent of both speed and the structure of the terrain. This highlights the 3 5 6
limitations of examining only variation in classical gait characterizations when comparing the 3 5 7 movement of small, agile animals within habitats of differing complexity. Therefore, we also 3 5 8 measured variation in the kinematic and kinetic patterns of quoll movement. Quolls were capable of moving at similar speeds along the inclined pole as the inclined 3 6 0 platform, but did so using a much higher duty factor. Duty factor is the percentage of the species. This increased leg swing speed may be responsible for the increase in the probability 3 6 7
of mistakes, which is present when quolls run at higher speeds, or on narrower surface (Nasir We found a similar pattern in the distance and timing of footfalls, whereby distance and time forces and torques necessary to maintain stability on narrow surfaces (Cartmill, 1985) . We 3 7 4 found greater changes in both lateral forces and the ability to produce corrective torques on 3 7 5 narrow, as compared to wide surfaces. Surprisingly, quolls were not only able to produce 3 7 6
corrective torques with simultaneous limb pairs, as previously shown in primates (Chadwell 3 7 7
and Young, 2015), but also with single limb surface contacts. These former corrective torques, timing and distance of footfalls, suggesting that like primates, quolls expand their effective surface using a single foot and produce significant corrective 'pulling' torques. Burbidge and McKenzie, 1989 , McKenzie et al., 2007 , Oakwood, 2000 . A comparison of the protocol used in this study. Similar to quolls, cats adopted lower speeds on narrow supports locomotion, the swing phase duration of cats decreased with increasing speed, but did not 3 9 6
change on narrow surfaces, suggesting that cats are unable to take faster steps on narrow 3 9 7
structures but instead appear to take longer strides. In contrast, quolls use an absolutely lower 3 9 8
swing phase duration at any speed on narrow structures, implying different control strategies 3 9 9
between cats and quolls. Further, unlike quolls, where we found a significant decrease in the 4 0 0 timing between forefeet contact among narrow and wide surfaces, cats deviate from this 4 0 1 pattern and increase the timing between forefeet contacts on these narrow structures. The In contrast to quolls and cats, which both decrease their speeds on narrower surfaces, dogs 4 0 5 adopt higher speeds. These higher speeds are achieved via an increase in both stride 4 0 6 frequency and stride length, and a decrease in stance phase duration, leading to lower duty opposite to the ground reaction forces and moments (Lammers and Zurcher, 2011a).
1 2
However, at higher speeds it becomes increasingly difficult to maintain static stability.
1 3
Dynamic stability is the process whereby an animal remains stable due to the presence of an gravitational force produces a restoring torque about the fore-aft axis to maintain stability.
1 7
Truly arboreal species appear to avoid highly dynamically stabile gaits (Lammers and 4 1 8
Zurcher, 2011a), which is likely related to the discontinuous, multi-dimensional, and 4 1 9
frequently unstable characteristics of arboreal habitats. This suggests larger terrestrial animals,
like dogs, may be at risk of increasing the probability of mistakes on narrow substrates, 4 2 1 though this remains to be shown. However, this may not be true in small arboreal specialists, Greater differences were observed between quolls and rats (Camargo et al., 2015) . Arboreal 4 3 6
rat species tend to increase stride frequency and decrease stride length on narrow structures, Prost , 1969 , Hildebrand, 1966 , Hildebrand, 1977 , Hildebrand, 1980 , Hildebrand, 1985 Vilensky and Larson, 1989 , Lemelin and Grafton, 1998 , Cartmill et al., 2002 . philander) -and showed that the latter species, which possessed more developed grasping 4 5 0
extremities, showed a greater use of diagonal-sequence walking gaits (Lemelin et al., 2003) .
In the current study, this walking sequence was not observed among quolls, with P.lag values Kinetic comparisons also showed differences between classically arboreal species and quolls. Like quolls, the grey short-tailed opossum (Monodelphis domestica) showed both fore-and impulse of the rolling torques in these chipmunks was usually greater than or less than zero achieve support on narrow substrates, and the degree to which different species exploit these 4 9 0 strategies varies along a spectrum from fully terrestrial, to semi-arboreal, to fully arboreal. Northern quolls are often described as semi-arboreal specialists (Schmitt et al., 1989) .
9 2
Consistent with this we show many of the gait characteristics associated with quolls appear 4 9 3 similar with terrestrial species, with some characteristics useful in arboreal habitats. Historically Northern quolls occupied both floodplains (terrestrial) and rocky (semi-arboreal) quolls in these terrestrial environments (Oakwood, 2000) . Conversely, quolls appear to have 4 9 9
biomechanical characteristics consistent with a stability advantage at higher speeds on narrow been as severe (Oakwood, 2000) . However, quolls did not show many of the characteristics Here we show the value in using biomechanical analyses to predict the survival and fitness of results from its ability to employ biomechanical strategies necessary to maintain stability and 5 1 2
outperform key predators (invasive or otherwise) within that habitat. This concept may 5 1 3 become even more important as we move to a period of increased human impact within the 5 1 4
Anthropocene, and may allow us to predict the influence of climate change, urbanization, and 5 1 5 deforestation on species of conservation importance.
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